Vascular cannulation is an invasive procedure that carries the risk of complications such as pseudoaneurysms. Hemophilia, the most common severe bleeding disorder of inheritance, increases the risk of such complications through underlying hypocoagulability. Although surgical ligation has been considered the gold standard treatment, less invasive options are currently available. Here we present 2 hemophiliac neonates for whom clotting factor replacement and ultrasound (US)-guided compression were successfully used. A 3-week-old male infant and a 4-week-old male infant presented with masses in the left antecubital area and the radial aspects of both wrists, respectively, after arterial punctures. The US confirmed the presence of pseudoaneurysms located at the left brachial artery and right radial artery. US-guided compressions with clotting factor administration initially attempted while confirming a thrombus inside the pseudoaneurysm sac indicated successful management. Arterial cannulation and other procedures in hemophiliac neonates must be attempted with caution because pseudoaneurysms or uncontrolled bleeding may occur. If laboratory analyses or invasive procedures are needed for neonates with a bleeding tendency or a suspected hemophiliac disorder, arterial or venous cannulation requires more caution or should be avoided if possible. This case report suggests that US-guided compression and clotting factor administration are suitable modalities for the treatment of small pseudoaneurysms in hemophilia patients.
INTRODUCTION
Arterial cannulation for blood pressure monitoring and repeated sampling is generally considered to carry a low risk of morbidity and is commonly performed in critically ill patients, but disruption of the arterial wall at the site of cannulation, with or without sepsis, can lead to either pseudoaneurysm formation or hemorrhage 1) . A pseudoaneurysm can be defined as a pulsatile, encapsulated hematoma in communication with the lumen of the ruptured vessel 2) . True vascular aneurysms have 3 layers, the intima, media, and adventitia. In pseudoaneurysms, the adventitia layer is absent.
Hemophilia-related pseudoaneurysm is a potential complication following procedures involving vascular manipulation or cannulation. Serious complications caused by a pseudoaneurysm include arterial compromise with limb ischemia, embolization from associated thrombi, compression of adjacent venous and nervous structures, and rupture of the pseudoaneurysm leading to possible life-threatening hemorrhage 3) . Hemophilia patients may be at increased risk for developing pseudoaneurysms because of the underlying hypocoagulability 4) . Although surgical ligation was the previous gold standard treatment, several less invasive treatment options are now available 5) .
We report the first 2 Korean cases of arterial pseudoaneurysms in hemophiliac neonates, both of which were successfully resolved with clotting factor replacement and ultrasound (US)-guided compression.
CASE REPORT showed FVIII less than 1%, and the patient was diagnosed with hemophilia A.
The masses on both wrists were firm, pulsating, and movable with sizes of 1×1 cm on the left and 0.5×0.5 cm on the right ( Figure   3A ).
Wrist US showed a 0.9×0.5×0.7-cm hematoma and a completely thrombosed aneurysm in the left wrist and a 0.8×0.6×0.8-cm pseudoaneurysm arising from the right radial artery. USguided compression after administration of Advate® on the day of admission was attempted but was not successful. USguided compression was retried after FVIII administration on days 3 and 4 after admission, but no thrombus was visible.
Because the pseudoaneurysm was small and there were no related complications, the patient was discharged on day 4 after admission and was followed regularly at an outpatient clinic.
Approximately 2 months after discharge, a follow-up US revealed a significant reduction in the size of the pseudoaneurysm and a thrombus partially occluding the lumen. One month later, the pseudoaneurysm was totally thrombosed according to US ( Figure 3B ). No other complications were observed.
DISCUSSION
Hemophilia is the most common severe inherited bleeding disorder caused by a deficiency of plasma FVIII or factor IX (FIX) coagulant 6) . In approximately 30% of patients, hemophilia is caused by a de novo mutation 6) . Neither FVIII nor FIX crosses the placenta; bleeding may occur in utero or at birth. Hemophilia may not be diagnosed in the newborn period unless there is a previous family history 6) . Arterial cannulation of an undiagnosed hemophiliac neonate may cause iatrogenic pseudoaneurysm.
Although spontaneous resolution can be expected from an individual with normal coagulability 7) , it is less likely for a hemophilia patient 4) . The most common site of pseudoaneurysm is the femoral artery, although pseudoaneurysms occurring from radial artery punctures are extremely rare 8, 9) .
An accurate occurrence rate and prevalence of pseudoa- , but a study by Falk et al. 10) stated that the probability of pseudoaneurysm occurring after radial artery catheterization is approximately 0.048%. This probability may be higher in patients on antiplatelet drugs or those with coagulation disorders 8) . The underlying hypocoagulability in hemophilia patients can especially increase the risk of pseudoaneurysms, 3) † Indicates cases of arterial pseudoaneurysms which occurred separately within same individual. Abbreviations: a., artery; Sup., superior; Inf., inferior; Ext., external; Y, yes; N, no.
and even nontraumatic pseudoaneurysms were reported in a hemophilia patient 3) .
Diagnostic methods for an arterial pseudoaneurysm include radiologic methods of angiography, computed tomography angiography, and color Doppler US, the latter preferred as an accurate and noninvasive method 3, 4, 11) . In individuals without hemophilia, pseudoaneurysms <2.5-3.0 cm usually resolve spontaneously. However, for those nonresolving arterial pseudoaneurysms, treatment options include surgical repair, coil embolization, stent grafts, US-guided compression, and thrombin injection 3, 7) . For management of pseudoaneurysm in hemophilia patients, invasive methods of surgical resection or embolization have been preferred. In particular, large and complicated pseudoaneurysms with infection or skin necrosis require embolization or surgical resection instead of noninvasive modalities. Table 1 summarizes the results of a literature search for cases and their management in PubMed and MEDLINE using "arterial pseudoaneurysm" and "hemophilia" as search terms.
A study by Drew et al. 3) describes the first 23 pseudoaneurysms from Table 1 .
Invasive methods of surgical repair or embolization for hemophilia patients increase the risk of additional hemorrhage and are difficult to perform in young children or neonates 2, 5) .
Technological advancement of noninvasive treatments, such as US-guided compression, factor replacement, and USguided thrombin injection, has contributed to the successful management of pseudoaneurysms.
US-guided compression is a technique first described in 1991 by Fellmeth et al. 13) , which uses Doppler mode for localization of the pseudoaneurysm. Although protocols may vary between centers, Doppler mode identification of the pseudoaneurysm is followed by compression of the pseudoaneurysm neck for about 20 minutes. US-guided compression is the most noninvasive modality among the nonsurgical methods for management of arterial pseudoaneurysm 5) . The most influential factor of successful intervention is the size of the arterial pseudoaneurysm 5) , and complication resulting from US-guided compression is less likely to occur [14] [15] [16] . 
